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INTRODUCTION 

Although t h e r e  is much c u r r e n t  i n t e r e s t  (1, 2 ) i n  t h e  high-temperature r e a c t i o n  
Of o x i d i z i n g  g a s e s  wi th  carbons  admixed w i t h  a l k a l i  meta l  sa l t s ,  t h e r e  i s  no con- 
sensus  on t h e  chemical  mechanisms t h a t  comprise  t h e  p r o c e s s .  There is g e n e r a l  
agreement t h a t  t h e  carbon and t h e  s a l t  chemica l ly  i n t e r a c t  a t  modest tempera tures  t o  
form a c a t a l y t i c a l l y  a c t i v e  s ta te  O K  r e a c t i v e  i n t e r m e d i a t e  f o r  t h e  o x i d a t i o n  reac-  
t i o n .  The n a t u r e  o f  t h i s  s t a t e  o r  i n t e r m e d i a t e ,  however, is d i s p u t a b l e .  To s e a r c h  
f o r  t h e  i d e n t i t y  o f  t h i s  i n t e r m e d i a t e  and t o  e l u c i d a t e  i t s  r o l e  i n  c a t a l y z i n g  t h e  
g a s i f i c a t i o n  O K  o x i d a t i o n  o f  carbon,  we  have employed Knudsen c e l l  mass spec t romet ry  
t o  examine t h e  gaseous  s p e c i e s  i n  e q u i l i b r i u m  w i t h  c a r b o n - a l k a l i  metal sa l t  admix- 
t u r e s  a t  e l e v a t e d  tempera tures .  

EXPERIMENTAL 

Knudsen c e l l  mass spec t romet ry  is a technique  which r e v e a l s  t h e  gaseous  s p e c i e s  
i n  e q u i l i b r i u m  w i t h  a s o l i d  O K  l i q u i d  phase ,  a l o n e  o r  i n  t h e  presence  o f  added 
g a s e s .  h e  m a t e r i a l  o f  i n t e r e s t  i s  loaded i n t o  t h e  Knudsen c e l l ,  a small c y l i n -  
d r i c a l  c o n t a i n e r  made o f  r e f r a c t o r y  material, wi th  a n  o r i f i c e  t h a t  i s  a v e r y  small 
f r a c t i o n  o f  t h e  c e l l ' s  t o t a l  s u r f a c e  a r e a .  The c e l l  i s  s i t u a t e d  i n  a h igh  vacuum 
system so t h a t  t h e  o r i f i c e  is i n  l i n e - o f - s i g h t  w i t h  a mass s p e c t r o m e t e r  i o n  
s o u r c e .  An e l e c t r i c a l  r e s i s t a n c e  hea t ing  element  permi ts  t h e  c e l l  t o  be  heated t o  
high tempera tures .  Gaseous s p e c i e s  formed i n  t h e  ce l l ,  o r  in t roduced  through a n  
i n l e t  t u b e ,  c o l l i d e ,  on  t h e  a v e r a g e ,  thousands  of  t i m e s  w i t h  t h e  c o n t e n t s  of  t h e  
c e l l  b e f o r e  they  escape  through t h e  o r i f i c e .  Consequent ly ,  t h e s e  s p e c i e s  c a n  b e  
cons idered  t o  b e  i n  chemical  and thermal  e q u i l i b r i u m  wi th  t h e  s o l i d / l i q u i d  phases  i n  
t h e  c e l l  when they  emerge from t h e  o r i f i c e  and are d e t e c t e d  by t h e  mass spec- 
t r o m e t e r .  A s h u t t e r ,  which can  b e  moved over  t h e  o r i f i c e ,  p e r m i t s  t h e  c e l l  e f f u s a t e  
t o  be  d i s t i n g u i s h e d  from t h e  ambient g a s e s  i n  t h e  vacuum system. The g e n e r a l  exper-  
i m e n t a l  technique and o u r  a p p a r a t u s  have been d e s c r i b e d  i n  t h e  l i t e r a t u r e  (3 ,  4 ) .  
In  o u r  exper iments  we used 100 mg samples  o f  pure  a lka l i  metal s a l t s  O K  o f  sa l t s  
admixed wi th  I l l i n o i s  No. 6 c o a l  char  o r  Spheron-6 channel  b l a c k  i n  Knudsen e f f u s i o n  
c e l l s  f a b r i c a t e d  from plat inum and from g r a p h i t e .  We determined t h e  r e l a t i v e  
p a r t i a l  p r e s s u r e s  of vapor  components by measuring t h e i r  i o n  i n t e n s i t i e s  wi th  
i o n i z i n g  e n e r g i e s  3 t o  3.5 e V  g r e a t e r  t h a n  t h e i r  r e s p e c t i v e  appearance  p o t e n t i a l s ,  
t o  avoid c o n t r i b u t i o n s  t o  t h e  i o n  s i g n a l s  by a l t e r n a t i v e  f r a g m e n t a t i o n  p r o c e s s e s  i n  
t h e  mass spec t rometer .  The a b s o l u t e  vapor  p r e s s u r e  o f  each  s p e c i e s  was c a l c u l a t e d  
by t h e  e q u a t i o n ,  

P = k ( I + ) ( T ) / o  

where T is t h e  Temperature i n  Kelv ins ,  cs i s  t h e  r e l a t i v e  i o n i z a t i o n  c r o s s - s e c t i o n ,  
and k is an i n s t r u m e n t a l  c o n s t a n t ,  

The p a r t i c u l a r  systems Of i n t e r e s t  i n  t h i s  Study were K2CO3 mixed w i t h  Spheron- 
6 o r  c h a r ,  cs2c03 mixed wi th  Spheron-6, and KBK mixed wi th  Spheron-6. 
of added H20, COz, CO on vapor  species abundances above t h e  K2C03 a d m i x t u r e s  were 
i n v e s t i g a t e d  i n  s e p a r a t e  r u n s .  
t h e  pure  a lka l i  metal s a l t s  i n  plat inum c e l l s ,  were a l s o  de te rmined .  

The e f f e c t s  

The r e l a t i v e  abundances o f  t h e  vapor  s p e c i e s  above 
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RESULTS 

Equi l ibr ium Gaseous 'Species  

P u r e  S a l t s  

On t h e  b a s i s  o f  t h e  observed i o n s  and t h e i r  r e l a t i v e  i n t e n s i t i e s  (Table  l ) ,  we 
conclude t h a t  t h e  major  vapor  s p e c i e s  over  K2C03(s) a r e  K2C03(g), K(g), COp(g), and 
0 2 ( g ) .  
The v a p o r i z a t i o n  p r o c e s s e s  of  K 2 C o 3 ,  i n  t h e  observed tempera ture  range  c a n  b e  
w r i t t e n  a s  fo l lows:  

?he n e u t r a l  K20(g) a p p e a r s  o n l y  a t  h igh  t e m p e r a t u r e  i n  n e g l i g i b l e  amount. 

2 )  K2C03(s) = 2K(g) + CO2(g) + 1/202(g)  

The e n t h a l p y ,  A H ,  f o r  Reac t ion  2 was c a l c u l a t e d  from t h e  tempera ture  dependence o f  
t h e  i n t e n s i t i e s  o f  t h e  gaseous  i o n s .  The v a l u e  o b t a i n e d ,  247 (+/- 5 )  !d/mol, is i n  
agreement w i t h  t h e  va lue  of  251 kJ/mol c a l c u l a t e d  from JANAF d a t a  (5) .  The der ived  
e n t h a l p y  o f  Reac t ion  3 w a s  291 kJ/mol .  

The v a p o r i z a t i o n  of  Cs2CO3 was found t o  proceed by ana logous  r e a c t i o n s :  

4 )  CS2CO3(S) = 2 W g )  + C02(g) + 1/202(!3) 

5)  CS2CO3(S) = Cs2C03(g) 

E n t h a l p i e s  o f  v a p o r i z a t i o n  were c a l c u l a t e d  from t h e  tempera ture  dependence o f  Cs' 
and Cs2CO: i n  t h e  tempera ture  range  930 t o  1051 K .  For Reac t ion  4 t h e  exper imenta l  
en tha lpy  was A H  = 240.3 (+/- 3 )  kJ/mol compared t o  248.7 W/mol c a l c u l a t e d  from t h e  
JANAF t a b l e s  ( 5 ) .  
kJ/mol .  

The e n t h a l p y  of t h e  s u b l i m a t i o n  r e a c t i o n  was 251.9 (+/- 3 )  

Carbon-Salt M m i x t u r e s  

Over a n  admixture  o f  K2CO3 and c o a l  c h a r  (8 w t %  K ,  mole r a t i o  K/C = 0 . 0 2 9 ) ,  
observed i n  t h e  tempera ture  range  723 t o  973 K ,  
were V g ) ,  CO(g), and COz(g), s u g g e s t i v e  of  carbothermic  r e d u c t i o n  o f  t h e  inorganic  
s a l t :  

t h e  o n l y  i d e n t i f i a b l e  vapor  s p e c i e s  

7) K2C03(S) + Z C ( S )  = 2K(g) + 3CO(g) 

The tempera ture  dependence o f  vapor  p r e s s u r e s  f o r  K(g),  CO(g), and C02(g) is given  
i n  Table 2. 
K2C03 sample are p l o t t e d  in Figure  1 a long  w i t h  t h e  e q u i l i b r i u m  l i n e s  c a l c u l a t e d  
from JANAF d a t a  (5 )  f o r  R e a c t i o n s  2,  6, and 7 .  
mixture  of s a l t  wi th  c h a r  are i n t e r m e d i a t e  between t h o s e  f o r  t h e  pure  s a l t  and f o r  
t h e  two r e d u c t i o n  r e a c t i o n s .  

The vapor  p r e s s u r e s  of  K(g) above t h e  K2C03-char sample and t h e  pure 

The p r e s s u r e s  o f  K(g) above t h e  

56 



\ 

1 

I 

'\ 

I n  a s i m i l a r  manner t h e  v a p o r i z a t i o n  behavior  o f  pure  Cs2CO and m i x t u r e s  wi th  
Spheron-6 and coa l  c h a r  were i n v e s t i g a t e d .  A sample o f  Cs2C03 a h x e d  with SPheron- 
6 (25 w t %  C s ,  mole r a t i o  C s / C  = 0.033) was s t u d i e d  i n  t h e  tempera ture  range 729-1059 
K. The major s p e c i e s  observed were Cs(g) ,  CO(g), and C02(g) ,  b u t  t h e  Cog and t h e  
CO+ s i g n a l s  decreased c o n t i n u o u s l y  w i t h  t i m e  (Table  3 ) .  CsOH(g) was a l s o  o b s e r v a b l e  
i n  t h e  vapor a t  very  low p a r t i a l  p r e s s u r e s .  The tempera ture  dependence o f  p a r t i a l  
p r e s s u r e s  of  t h e  observed species above t h e  mixture  i s  g i v e n  i n  t h e  o r d e r  i n  which 
d a t a  were taken in Table 3. Success ive  p o i n t s  a t  t h e  same tempera ture  demonst ra te  
t h e  t i m e  behavior  o f  t h e  s i g n a l s  f o r  each  s p e c i e s .  I h e  m a t e r i a l  removed from t h e  
Knudsen c e l l  a t  t h e  c o n c l u s i o n  o f  t h i s  experiment  was pyrophor ic .  

To provide  a c l u e  t o  t h e  composi t ion  o f  t h e  solel  t h a t  remained i n  t h e  c e l l ,  
another  sample of t h e  CS CO -Spheron-6 mixture  wns heated i n  a s e p a r a t e  vacuum 
system a t  800 K overnigh:. 3A p o r t i o n  o f  t h i s  vacuum-heated mixture  was t r a n s f e r e d  
i n t o  a c a p i l l a r y  tube  under  a n  a rgon  atmosphere and analyzed by X-ray d i f f r a c t i o n .  
A c r y s t a l l i n e  d i f f r a c t i o n  p a t t e r n  was observed b u t  could not  b e  i d e n t i f i e d .  

I n  s e p a r a t e  exper iments ,  t h e  e q u i l i b r i u m  p r e s s u r e  o f  C s  above pure Cs2CO3, 
8 w t %  Cs2CO3 i n  c h a r ,  25 w t %  Cs2CO3 i n  c h a r ,  and 25% Cs2CO3 i n  Spheron-6 was 
observed.  The r e s u l t s  o f  t h e s e  exper iments  a r e  p l o t t e d  i n  F igure  2 ,  a long  w i t h  t h e  
c a l c u l a t e d  va lues  f o r  v a p o r i z a t i o n  o f  t h e  pure  s o l i d  and f o r  a p o s s i b l e  carbothermic  
r e d u c t i o n  r e a c t i o n .  The p r e s s u r e  of  C s  above t h e  Spheron-6 samples  is observed t o  
be  approximately one  o r d e r  of  magni tude h i g h e r  than  t h a t  above t h e  pure s a l t ,  whi le  
t h e  C s  p r e s s u r e  over  t h e  8 w t %  mixture  w i t h  c h a r  is two o r d e r s  o f  magnitude lower 
t h a n  t h a t  o f  t h e  pure s a l t .  I n c r e a s i n g  t h e  weight  l o a d i n g  of C s  i n  t h e  sample t o  
25% is accompanied by a n  i n c r e a s e  of  t h e  C s  vapor  p r e s s u r e  by a n  o r d e r  of  magni- 
t u d e .  X-ray d i f f r a c t i o n  a n a l y s i s  o f  t h e  r e s i d u a l  s o l i d  removed from t h e  Knudsen 
c e l l  revea led  the  presence  o f  cesium aluminum s i l i c a t e ,  CsAlSi04, among o t h e r  
u n i d e n t i f i e d  lines. 

In marked c o n t r a s t  t o  t h e  r e s u l t s  f o r  t h e  carbonate-carbon sys tems,  samples  o f  
pure K B r  and KBr  admixed wi th  Spheron-6 (4  wt%K; mole r a t i o  K / C  = 0.014) behaved 
i d e n t i c a l l y  wi th  r e s p e c t  t o  t h e  v a p o r i z a t i o n  o f  K-containing s p e c i e s ;  K B r  
subl imat ion  was t h e  o n l y  o b s e r v a b l e  r e a c t i o n  i n v o l v i n g  potassium i n  b o t h  samples .  

E f f e c t  o f  Added Gases 

The e f f e c t s  of  added H20, CO , and C02 upon vapor  p r e s s u r e  o f  K(g) above a 
Spheron-6 admixture  wi th  K2C0 
E f f e c t s  on  t h e  K+ s i g n a l  l e v e ?  were s t u d i e d  i n  t h e  tempera ture  range  900-1100 K. 
During a d d i t i o n  of  t h e  r e a c t a n t  g a s  t h e  t o t a l  p r e s s u r e  i n  t h e  mass s p e c t r o m e t e r  was 
increased  by a f a c t o r  o f  10 t o  approximate ly  1 x Pa .  S u b s t i t u t i o n  o f  Ar(g) f o r  
t h e  r e a c t i v e  g a s e s  had no e f f e c t  on t h e  K+ s i g n a l ,  i n d i c a t i n g  t h a t  t h e r e  was no 
dynamic f low e f f e c t  on  t h e  performance o f  t h e  Knudsen c e l l .  
caused an immediate, comple te ly  r e v e r s i b l e  K+ s i g n a l  d e p r e s s i o n  by 10-20%. 
b e h a v i o r  would be expected by t h e  e f f e c t  o f  t h e  law o f  mass a c t i o n  on  Reac t ions  6 
and 7 .  
fol lowed by a slower d e c r e a s e  as f low c o n t i n u e d .  
o n l y  p a r t i a l  recovery  o f  t h e  K+ s i g n a l  l e v e l  occur red .  
s i g n a l  d e p r e s s i o n  was observed upon a d d i t i o n  o f  H20(g). A b l a n k  r u n ,  w i t h  pure  
K co i n  t h e  g r a p h i t e  c e l l  a t  1000 K ,  e x h i b i t e d  measurable  p r e s s u r e s  o f  K(g) and 
c 8 ( g j ,  i n d i c a t i v e  o f  some i n t e r a c t i o n  between K2C0-, and t h e  c e l l .  q w e v e r ,  t h e  
a d d i t i o n  o f  H 2 0  o r  C 0 2  had no e f f e c t  on  l e v e l s  of CO+ and Hg. 
was depressed  by a b o u t  15% d u r i n g  %O f low,  b u t  r e t u r n e d  t o  t h e  same l e v e l  a f t e r  t h e  
f low was te rmina ted .  
by t h e  appearance of KOH+ i n  t h e  e f f u s a t e  a t  about  1% of t h e  i n t e n s i t y  o f  K'. 

was i n v e s t i g a t e d  i n  t h e  g r a p h i t e  Knudsen c e l l .  

Addi t ion  of  CO(g) 
This 

coz(g)  a d d i t i o n  r e s u l t e d  i n  immediate d e p r e s s i o n  o f  t h e  K+ l e v e l  by 10% 
When C 0 2  i n p u t  was d i s c o n t i n v e d ,  

A s i m i l a r  p a t t e r n  i n  K 

The K s i g n a l  l e v e l  

The d e p r e s s i o n  of K+ d u r i n g  H 2 0  f low is accounted f o r  in p a r t  
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A s  mentioned above,  KBr(g) was t h e  o n l y  K-containing vapor  s p e c i e s  de tec ted  
The a d d i t i o n  o f  H20 t O  t h e  Knudsen c e l l  o v e r  an admixture  of K B r  and Spheron-6. 

g r a d u a l l y  depressed  t h e  p r e s s u r e  o f  KBr(g); o v e r  a per iod  of  1800 s t h e  KBr+ s i g n a l  
dropped t o  50% o f  its i n i t i a l  v a l u e .  
peak ,  a s s o c i a t e d  wi th  K(g) by its appearance  p o t e n t i a l ,  appeared in t h e  mass 
spectrum and began t o  grow s t e a d i l y .  
t o  d e c r e a s e .  

A t  T = 945 K i n  t h e  presence  o f  H20, a K' 

Termina t ion  o f  t h e  H20 Supply caused t h i s  peak 

DISCUSSION 

Comparison of  t h e  e q u i l i b r i u m  p r e s s u r e s  o f  K(g) and Cs(g) over  t h e  r e s p e c t i v e  
c a r b o n a t e s  wi th  t h o s e  observed o v e r  admixtures  o f  t h e  c a r b o n a t e s  and Spheron-6 o r  
c h a r ,  i n d i c a t e s  t h a t  t h e r e  is a s t r o n g  chemical  i n t e r a c t i o n  between t h e  s a l t s  and 
t h e  carbon a t  e l e v a t e d  tempera ture .  This  i n t e r a c t i o n  is not s imply  carbothermic  
r e d u c t i o n  o f  t h e  s a l t ,  a s  evidenced by t h e  d i s p a r i t y  between t h e  c a l c u l a t e d  and t h e  
measured vapor p r e s s u r e s  of  K(g) ( F i g u r e s  1 and 2 ) .  It seems l i k e l y  t h a t ,  i n  the  
observed tempera ture  r a n g e ,  a d i s c r e t e  chemical  compound is formed w i t h  a thermo- 
dynamic a c t i v i t y  o f  t h e  a l k a l i  metal g r e a t e r  t h a n  t h a t  o f  t h e  c a r b o n a t e  b u t  
s u b s t a n t i a l l y  below t h a t  o f  t h e  pure  e lement .  'Ihe Knudsen c e l l  d a t a  g i v e  no d i r e c t  
c l u e  to t h e  s t r u c t u r e  o f  t h i s  s o l i d  o r  l i q u i d  phase,  b u t  t h e y  do s u g g e s t  t h a t  oxygen 
is a component because oxygen-containing gaseous  s p e c i e s  (CO and C02) are observed 
to  be i n  e q u i l i b r i u m  wi th  t h e  s u b s t a n c e .  The s u p p r e s s i o n  o f  t h e  p r e s s u r e  o f  
molecular  KBr(g) coupled w i t h  t h e  appearance  o f  K(g) o v e r  a KBr-Spheron admixture 
upon t h e  a d d i t i o n  o f  H20, is f u r t h e r  ev idence  o f  a n  e s s e n t i a l  r o l e  o f  oxygen i n  t h e  
format ion  o f  t h e  compound. 'Ihe clear X-ray d i f f r a c t i o n  p a t t e r n  obta ined  from the 
Cs2C03-Spheron sample t h a t  had been  heated under  vacuum is i n d i c a t i v e  o f  a 
c r y s t a l l i n e  m a t e r i a l .  'his p a t t e r n  could n o t  b e  a s s o c i a t e d  w i t h  a s p e c i f i c  chemical 
s t r u c t u r e ,  b u t  it was d e f i n i t e l y  not produced by Cs2CO3, C s O H ,  Cs20, nor by a CS- 
g r a p h i t e  i n t e r c a l a t i o n  compound. Such s t r u c t u r e s  have been sugges ted  a s  intermed- 
iates in t h e  a l k a l i - m e t a l  c a t a l y z e d  steam g a s i f i c a t i o n  o f  c o a l  c h a r s  ( 2 ) .  

A t  h i g h  tempera tures  i n  t h e  absence  of  a n  e x t e r n a l  source  o f  oxygen, t h e  a l k a l i  
metal Spheron admixtures  e x h i b i t  a g r a d u a l  loss o f  oxygen a s  evidenced by t h e  
d iminut ion  in CO and CO2 p a r t i a l  p r e s s u r e s  ( T a b l e s  2 and 3 ) .  Accompanying t h i s  
process ,  t h e  a l k a l i  meta l  p a r t i a l  p r e s s u r e s  i n c r e a s e  s l i g h t l y ,  i n d i c a t i v e  o f  a n  
i n c r e a s e  i n  a c t i v i t y  wi th  t h e  change in oxygen s t o i c h i o m e t r y .  An o p p o s i t e  change 
occurs  when t h e  mixture  is exposed t o  a n  o x i d i z i n g  g a s  (steam o r  CO2). 

Based on t h e s e  c o n s i d e r a t i o n s ,  w e  propose t h a t  t h e  chemical  s p e c i e s  formed by 
t h e  i n t e r a c t i o n  o f  a l k a l i  m e t a l  c a r b o n a t e s  and carbon a t  h igh  tempera tures  is a non- 
s t o i c h i o m e t r i c  ox ide  that c o n t a i n s  a n  e x c e s s  o f  t h e  metal a s  i o n s  and a l s o  i n  a 
d i s s o l v e d  s t a t e .  Meta l - r ich  Cs -0  compounds, wi th  s t o i c h i o m e t r i e s  cor responding  t o  
Cs4O and C S ~ O ,  have been c h a r a c t e r i z e d  as c r y s t a l l i n e  s o l i d s  a t  room ambient 
tempera tures  ( 6 ) .  A t  h igh  t e m p e r a t u r e s  t h e y  m e l t  into l i q u i d  phases  comprised of  a 
h igher  o x i d e  c o n t a i n i n g  excess C s  ( 7 ) .  I n f o r m a t i o n  on t h e  K-O sys tem is a v a i l a b l e  
o n l y  f o r  h i g h e r  oxygen s t o i c h i o m e t r i e s  (8) ,  b u t ,  by ana logy ,  we would e x p e c t  a l l  
a l k a l i  metal-oxygen sys tems t o  behave s i m i l a r l y .  

The r o l e  o f  t h e  a l k a l i  metal a d d i t i v e  a s  a g a s i f i c a t i o n  c a t a l y s t  is probably 
c r i t i c a l l y  dependent  on  t h e  f o r m a t i o n  and a c t i o n  of  such  a n  o x i d e  phase.  We suggest  
t h a t  dur ing  g a s i f i c a t i o n  t h e  c a t a l y s t  forms a l i q u i d  oxide  f i l m  d i s t r i b u t e d  over  t h e  
s u r f a c e  of  t h e  c h a r  o r  carbon.  (There is c o n s i d e r b l e  ev idence  that c a t a l y s t  mel t ing 
d o e s  occur  (10)). The composi t ion  o f  t h e  f i l m  is determined b y  a dynamic ba lance  
between a reducing  process  a t  t h e  carbon i n t e r f a c e  and a n  o x i d i z i n g  process  a t  the  
s u r f a c e  i n  c o n t a c t  wi th  t h e  gaseous  r e a c t a n t ,  H 0 o r  Co2. 
i n t e r f a c e .  t h e  a n i o n s  in t h e  c a t a l y s t  r e a c t  w i t f  t h e  carbon to form an i n t e r m e d i a t e ,  
such  a s  a phenola te  (11)  that s u b s e q u e n t l y  s p l i t s  o u t  CO. The a n i o n s  are 
r e p l e n i s h e d  by r e a c t i o n  between t h e  o x i d i z i n g  g a s  and t h e  o x i d e  a t  t h e  g a s / c a t a l y s t  

A t  t h e  c a t a l y s t / c h a r  
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i n t e r f a c e .  
s p e c i e s  i n  t h e  molten c a t a l y s t  f i l m .  

N e t  t r a n s p o r t  of  oxygen from g a s  t o  carbon o c c u r s  by d i f f u s i o n  o f  t h e  

The presence o f  minera l  c o n s t i t u e n t s  ( t y p i c a l l y  S i02)  i n  most c o a l  c h a r s  
compl ica tes  t h i s  p i c t u r e  by provid ing  an a l t e r n a t i v e  r e a c t i o n  pa th  f o r  t h e  a l k a l i  
meta l  s a l t  a d d i t i v e s .  The i n t e r a c t i o n  o f  t h e s e  m i n e r a l s  w i t h  a n  a l k a l i  metal i s  
i l l u s t r a t e d  s t r i k i n g l y  i n  t h e  c a s e  o f  t h e  C s 2 C 0  -char  admixture .  The e q u i l i b r i u m  
p a r t i a l  p r e s s u r e  of  Cs(g)  over  t h i s  sample i s  s j g n i f i c a n t l y  lower than over  pure 
Cs2C03. 
t h e  case  i f  i t  were chemica l ly  combined i n  a v e r y  s t a b l e  compoud, such a s  t h e  
C s A l S i 0 4  d e t e c t e d  i n  t h e  X-ray p a t t e r n  o f  t h e  r e s i d u e .  However, t h e  low i n t e n s i t y  
o f  t h i s  p a t t e r n  cons idered  t o g e t h e r  wi th  t h e  v a r i a t i o n  i n  e q u i l i b r i u m  Cs(g) p r e s s u r e  
wi th  t h e  C s  conten t  o f  t h e  sample (F igure  2 ) ,  s u g g e s t s  t h a t  a l l  t h e  C s  i s  n o t  t i e d  
up a s  a d i s c r e t e  c r y s t a l l i n e  compound of f ixed  composi t ion .  It i s  more l i k e l y  t h a t  
t h e  C s  is d isso lved  i n  a n  amorphous minera l  g l a s s ,  i n  which i t s  a c t i v i t y  i s  a 
f u n c t i o n  of  i t s  c o n c e n t r a t i o n .  
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Table 1 

APPFARANCE POTENTIALS AND RELATIVE I N n N S I T I E S  OF 
IONS IN HASS SPEC'IRUII OF K2C03 

Tempera t"re Neutral Ir(AP + 3 eV)  
IO" AP(eV (K) PI-eCYTIOI a t  1153 K 

K- 4.3 0.3 1121 K 1035 

CO; 1 1 . 7  t 0.3 1121 co2 285 

c2co; 6.1 t 0 . 3  I153 K2CO3 0.3 

K 2 0 +  7.8 f 0 . 5  1068 K2CO3 2 .o 
K20+ 5.2 + 0.5 1153 K20 0.03= 

0; 11.9 i 0.3 1153 02 33 

a x e a s w e d  a t  A P  + 2 eV to elinfnate the f r a g m e n t  contribution f r o m  K2C03. 

Table 2 

PARTIAL PRESSURES OF CASEOUS SPECIES ABOVE 
K2CO3-CWR ADHIITURE AT VARIOUS EIPERAIVXES 

Partial Pressures (kea x LO") 
Temperature (K) K(*) CO(R) COv(8)  

720 0.001 0 . 5  0.06 
788 
871 
90 9 
952 
978 
875 

0.015 
0.19 
1.2 
5.17 
9.68 
0.63  

0.24 
1.9 
18. 
53.1 

1.5 

0.2 
1.56 
15.1 
2.41 

0.22 

Table 3 

PARTIAL PRESSURES OF GASEOUS SPECIES ABOVE 
CS2CO3-SPRERON-6 AUYIXTURES 

Partla1 Rensure (kPa x 10') 
Temperature (K) CS(C) CO(8) co?(a)  (CSOH(8) 

397 0 0 0.16 0 
421 0 0 8.01 0 
549 0 0 5.22 0 
727 0 0 18.4 0 
727 0 0 5 .3 0 

82 6 0.002 3.14 14.5 0 
857 0.002 3.00 4.42 0 
886 0.005 3.92 2.13 0 

935 0.065 9.35 1.43 0.001 
936 0.33 3.77 0.11 0.001 
936 0.31 1 .eo 0.09 0.001 
992 1.41 7.96 0 0.003 
1059 4 .98 15.50 0 0.005 

972 0.76 0.36 0 0.002 

729 (0. uo1 0.25 1.56 0 

8R6 0.014 1.73 0.36 0 
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